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INTRODUCTION
It is a well known physiological phenomenon that certain
acid fruits, such as oranges or tomatoes, alter passing through
the body have an alkaline effect on the urine and increase the
alkali reserve of the blood nlasma. This effect is explain-
ed as being due to an excess of base forming elements which re-
main after the acids are oxidised In the body.
Certain other fruits, such as cranberries, have been found
to have an opposite effect. Their Ingestion results In a lower-
ing of the urinary pH and also a lowering of the alkali re-
serve. This is due to the effect of aromatic acids suoh as
benzoic acid and its precusor quinlc acid. These acids are
conjugated with glycine, which is thought to be synthesized in
the liver, and so are excreted to lower the pH of the
urine.
Other organic acids such as tartaric are oxidized
but not com-
pletely so, and, therefore, a fractional portion of
the original
fruit acl<3 Is excreted in the urine.
OBJECT
AS most fruit acids are oxidized to carbon
dioxide and
water in the body, or otherwise utilized,
the ash constituents,
rather than th. organic acids,are the
more Important factor,
regulating the acid-base balance of the
body. This research
was undertaken to determine the effect
of apples, dates, and
tomatoes on urinary acidity and blood
alkali reserve. The re-
sults of this investigation should
have a definite therapeutic
2value In that the maintenance of an adaequate alkali reserve
la of fundamental Importance. Information as to the effects
of fruits should be of value In the choice of diet In the case
of acidosis.
REVIEW OF IJTERATURE
3aywell(7) In his work on grape products found a decided
Increase In the pH value of urine, a decrease In ammonia and
a corresponding decrease In total acidity. He reported an In-
crease In the alkoll reserve and a slight but apparent Increase
in organic acidity, which he explained as being due to some
Incompletely oxidized tartaric acid.
Saywell(8) also renorted in another paper that figs had
the same general effect as gr^ pe nroducts. However, he found
that 97.5 percent of the organic acids were oxidized before
being eliminated from the system.
Blatherwick and Long (2) concluded that drinking large
amounts of orange Juice resulted in the production of an alka-
line urine. Saywell(9) In his work on orange and tomato Juices
observed on the lngeetlon of these fruit Juices, the same
effeots as were produced when grape products were used, in-
cluding the Increase In organic acidity. He found that there
was a correlation between the alkalinity of the ash and the
reaction of the urine. He also found that 82.5 percent of the
total alkalinity of the tomato Juice ash Is derived from the
water soluble ash, which is excreted in the urine, while the
soluble alkalinity of the orange Juice ash Is only about 65
7percent of the total alkalinity of the ash. Saywell (10) also
reported that fresh Bartlet pears, canned peaches, oanned apri-
cots and dried sulfured apricots oroduced results In urine
similar to those produced by grape products. He found that
94.7 percent was the average perc nta e oxidation of the organic
acids of these foods. Blatherwick and Long (2) have shown
that large amounts of orange Juice produced an increase in pH
with a decrease in the ammonia content of the urine.
Cleveland and Fellers (3) reported that the percentage of
ash in dates, approximately 2 percent, Is two or three times
that of most foods which yield an alkaline ash. The alkalinity
of the ash is high because of the large proportion of
potash.
Ash from 100 grams of a moisture free portion is
equivalent to
16.7 cublc-centlmeters of normal alkali. This can
be compared
with tomatoes, which have a value of 5.6 cubic
centimeters and
apples which approximate 3.7 cubic centimeters
according to
Sherman (11).
Blatherwick (1) found that the addition of raisins
to an
otherwise acid diet resulted in decreased acidity
of the urine.
He also reported, in the same paper,
that tomatoes produced
significant changes in the urine, the pH
being increased and
the ammonia excretion being decreased.
Apoarently, fresh whole
tomatoes were used.
METHODS
Eight male human subjects In good health
and from 22 to 27
years of age were used In this
Investigation. They are de-
4slgnated as C, D, J, K, O. L, 9, and P. Four subjects were
placed on a daily basal diet which was approximately neutral.
It consisted of:
0-raham Crackers 300 g.
Milk (3 pints) 730 g.
Lettuce 120 g.
Heavy Cream (1/2 pint) 225 g.
Eggs (2) 140 g.
Five subjects were placed on a daily basal diet which was
acid forming and consisted of:
Breakfast Lunch Supper
grsms grams grams
Oatmeal 30 Salmon (red) 100 Peas (Iona) 191
Sgp: (1) 60 Bread 40 Beefsteak 150
Cream 30 Lettuce 105 (cube)
Sugar 10 Cookies (nlaln) 60 Bread 40
Bread 40 Milk 250 Butter 28
Butter 14 Lettuce 105
all* 250 Cookies 60
The subjects were placed on their respective basal diets
for a sufficient length of time to allow their tissues to reach
equilibrium. This amounted to three to four days except in the
case of the dates where the preliminary basal period was two days
Then to these basal diets there was added a definite amount of
the material to be tested, the amounts being, in general, much
greater than would be ingested under normal conditions. Kftg
effect of this addition should be reflected In the urinary
acidity and in the alkali reserve. The last two days of the
diet period consisted again of the basal diet. No urine was
collected during the first two or three days but 24 hour collec-
tlons were raade and analysed at the end of each collection
period on all subsequent days. The collection period was from
8 A.M. to 8 P.M. .
As previously mentioned there were two diets, one acid
and one approximately neutral, fhe neutral basal diet was
chosen because the effects of the material to be added, on the
urinary acidity could not be definitely foreseen. The acid
forming basal diet was utilized because It was believed that
the Ingested material would increase the alkalinity of the
urine, and because such a result would seemingly be raore evi-
dent on an acid diet. This was th.ugu, to oe especially true
as regards the dates, the analyses of which showed an excep-
tionally high alkalinity of the ash.
Four different materials were tested in four different
experiments. The first was run on Mcintosh apples, the
second
on Baldwin apples, the third on tomatoes and
the fourth on
dates. Large quantities800 and 1000 grams) of
the first three
materials and a smaller quantity (400 grams) of
the dates were
fed in these trials. The ratio of edible
portion to pit is
variable in the different varieties of
dates, but at a definite
moisture content Is relatively constant for
a given variety.
The dates used were of the Hallowl
variety and averaged 88 per-
cent Of flesh and 12 percent of pit.
The methods commonly used in urine
analysis were employed.
The PH was determined by using
a qulnhydrone potentiometer.
Tltratable acidity was determined by
Follns' method which is
6a simple titration of urine against tenth normal Sodlun Hydroxide
using phenolphthaleln as an lndloator. The organic acids were
titrated using the Yan Slyke and Palmer Technic (2). Urea
nitrogen was determined by the urease method. (5) Ammonia
nitrogen by the Folln and Bell method (4), and creatinine
by Folln's method (5). The figures in the tables which re*
present the amounts of the determined constituents of urine
are expressed in terras of frraras per 24 hours in all oases ex-
cept that of tltratable acidity and organic acidity which are
reported in cubic centimeters of tenth normal add in 24 hours.
The alkali reserve is expressed as cubic oentlraeters of carbon
dioxide In 100 cubic centimeters of blood plasma.
Fltz and Van Slyke (13) hare shown that In normal men *The
excretion of acid in excess of fixed bases as measured by de-
termining the ammonia and tltratable acid bears a quantitative
relationship to the alkali reserve of the body as measured by
the CO2 binding power of the blood plasaa*. They developed a
formula by which, using data obtained from urine analyses, It
is possible to calculate the alkali reserve of the blood plasma.
In their studies ^Ith normal individuals, the value of the alkali
reserve as determined In the urine usually had an averapie error
of 3.2 volume percent.
The daily collections of urine were kept in a refrigerator
to prevent bacterial decomposition. A small amount of toluene
was added to help the preservative action.
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Table IX. Summary of Data on pH, Organic Acidity, Ammonia and
Blood Alkali Reserve from Tables I - VIII
Sub-
0r;%
Acidity Ammonia
Alk.
Reserve
ject
Acid Neut.
c.c.
Acid Neut
.
gn
Acid
i.
Neut. Add
c.c.
Neut.
Basal
l
a.
O&F „_
St&S
5.58
5.62
6.1
6.36
619
569
366
379
.430
.420
.376
.281
61
64
65
70
Mcintosh
ap les
800 g.
G&F
St&S
5.55
5.40
6.0
5.89
571
608
441
437
.380
.540
.345
.327
62
63
65
58
Basal D&C
J&K
6.77
6.04
8.00
6.29 330
331
308
-368
.535
-284
.322
64
65
67
88
oaidwin
apples
1000 g.
D&C
J&K
5.72
5.60
5.50
5.70
422
433
482
350
.505
.680
.410
.346
63
61
63.6
63.5
Basal
s.
Tomatoes
1000 g.
D&C
L&K
D&C
L&K
5.81
5.92
6.02
5.95
5.98
6.13
5.87
6.07
577
608
569
736
489
518
430
591
.494
.624
.474
.520
.308
.398
.295
.666
61
60
62
60
65
66
65.5
63.5
Basal
«
Dates
400 g.
D&C
L&K
D&C
L&K
5.76
5.75
5.62
5.44
6.05
6.12
6.22
5.96
637
688
730
709
552
609
625
591
.569
.578
.638
.523
.279
.414
.278
.378
60
60
60
61
64
60
65
61
Subject Q was on acid forming and subject F was on the
neutral diet. The same order is used throughout this table.
•'St" refers to "S" when on an acid-forming diet. They
refer to the same subject.
The proximate composition of the food materials used was
determined, in general by the official methods of analysis of
the Association of Official Agricultural Chemists (1935 Edition)
However, the alkalinity of the soluble ^sh, in the ease of the
tomatoes and Mcintosh apples, was determined as follows. Two
grams of the desiccated material were ashed at a low red heat.
The residual ash was washed several times with boiling water
and filtered. The filtrate was cooled and titrated with tenth
normal HC1. uslnp methyl orange as an indicator. The results
were expressed as the number of cubic centimeters of normal
hydrochloric acid required to neutral lie the alkalinity of 100
grams of ashed material. The data on composition are riven in
Table 4,
DISCUSSION Of iiSSULl'S
The data are presented in Tables I-IX. The Summary Table
IX brings together the results in easily comparable form.
The results ere largely negative in the ease of Baldwin
and Mcintosh apples, tomatoes and dates regardless of whether
an add producing or a neutral basal diet was used.
The alkali reserve was not significantly affeoted by any
of these fruits eaten in quantities of from 400 to 1000 grams.
The pH, organic acids and titratable acid values for the
24-hour samples' of urine collected from the subjects showed
some variations but no significant changes as a result of the
fruit diets.
Apoarently the organic acids of apples and tomatoes are
readily oxidized or otherwise transformed In the body so that
very little is excreted in the urine. The results of
Saywell c=nd Lane (9) are discussed under the literature re-
view in this paper. They found an oxidation of 90.7 percent
in the organic acids of the tomato. An increase In urinary
pH was also noted by them. No previous research has been
reported on apples or dates.
In the acid producing diets, Baldwin apples, Mcintosh
apples, tomatoes and dates showed respectively, 89.3, 93.2,
84.0 and 76,9 percent utilisation of the ingested fruit
organie aelds. In the neutral diet the percentages of the
organic adds oxidized for Baldwin apples, Mcintosh apoles
and tomatoes are 88.0, 88.3 and 90.8. The data on dates
was of doubtful value and are not Included, btywell (7, 8,
10) states that the fruit organic acids appear to be "oxidiz-
ed*. Whether actual oxidation occurs is uncertain.
That is, even when massive amounts of fruits are eaten,
approximately 90 percent of the organic acids present in them
are oxidized or otherwise changed in the body and do not
appear in the urine or blood as free acids. Whether actual
oxidation occurs is uncertain, hence the term '•oxidation" is
probably not warranted.
There is also the possibility that some of the organie
acids aDoearlng in the urine may be synthesized in the body
and excreted. If this is true, the assumption made by
Saywell, and followed in this paper, that all the urinary
organic acids found in the urine are derived from the fruit
eaten, may not be entirely correot.
The blood alkali reserve data are particularly constant
throughout these experiments. Only In the apple diet was
there even a small reduction of this value. The greatest
single reduction was In the case of ticlntosh apnles fed In
the neutral diet. Here the drop was from ?0 to 58 cubic
centimeters. Attention Is drawn to the remarkable similar-
ity of the urine constants among the eight subjects used In
these experiments.
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SUffisARX
1. The proximate chemical composition of apples, tomatoes
and dates in given.
2. In normal young human subjects Baldwin and Mcintosh apples
behave similarly when Ingested In 800 and 1000 gram amounts.
Both varieties lower slightly the pH of the urine, but do not
significantly affect the blood alkali reserve In human subjeots.
3. Approximately 90 percent of the organic acids of apoles
are completely oxidized or otherwise transformed In either
acid fonalng or neutral diets.
4. Acid-forming and neutral diets gave similar results in
these experiments Insofar as acid and ammonia excretion In the
urine and blood alkali reserve are concerned.
5. Tomatoes and dates have partlcally no effect on the cora-
ositlon of the urine nor on the blood alkali reserve. Neutral
and ecid-forming diets g?ve closely similar results.
3. Approximately 84 percent of the organic acids of the tomato
were completely oxidized or otherwise transformed when tomatoes
were Included In an aoid forming diet, while this value was 91
percent In the neutral diet.
7. Dates were eaten in smaller quantities than tomatoes and
apples, and no significant results on the urine or blood alkali
reserve were noted. In spite of the high alkalinity of the
ash
of dates, the pH of the urine was not increased nor the
organic
acids decreased in amount.
GENERAL CONCLUSION
Massive amounts of apples, tomatoes and dates may be
eaten without significant effect on urinary acidity or blood
alkali reserve.
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